In radiation therapy for cancer, the therapeutic ratio represents an optimal balance between tumor control and normal tissue complications. As improvements in the therapeutic arsenal against cancer extend longevity, the importance of late effects of radiation increases, particularly those caused by vascular endothelial injury. Radiation both initiates and accelerates atherosclerosis, leading to vascular events like stroke, coronary artery disease, and peripheral artery disease. Increased levels of proinflammatory cytokines in the blood of long-term survivors of the atomic bomb suggest that radiation evokes a systemic inflammatory state responsible for chronic vascular side ef- 
R
adiation is used to treat 50% to 60% of patients with cancer (1) 
RADIATION EFFECTS ON ENDOTHELIAL CELLS
Among all blood vessels that typically have 3 layers, the tunica intima, media, and adventitia, capillaries are the most radiosensitive because they have just a single layer of endothelium, the tunica intima, which is exquisitely susceptible to ionizing radiation (5).
Notably, this heightened sensitivity is not a consequence of the relative abundance of capillaries compared with that of larger caliber vessels. In comparing vessels of different calibers, capillary rarefaction with disruption, extravasation, micropetechiae formation, and inflammatory changes were more pronounced with microcascular irradiation than macrovascular irradiation.
ECs respond to radiation in several ways depending on the radiation dose and the organ in which they reside. Acute effects appear in days to weeks, whereas chronic effects can take months to years to manifest. Acute radiation effects, especially in the gastrointestinal tract, hematopoietic system, and lungs, are triggered by EC apoptosis. 
Radiation-induced Endothelial Vascular Injury
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Radiation-induced Endothelial Vascular Injury downregulated, suggesting 1 possible mechanism by which senescence led to slower growth and perhaps increased vascular permeability (13) . This finding is consistent with reports that mTOR regulates actin polymerization and interaction with cell adhesion molecules like integrin, thus affecting vascular smooth muscle contractility (13, 14) .
A well-described marker of age-related atherosclerotic progression is surface expression of the cell adhesion protein CD44 on senescent ECs, which evokes greater adhesion of monocytes to ECs, a key factor in atherosclerosis (15) . One study showed that irradiating human coronary ECs led to increased CD44 expression and adhesion of monocytes to ECs, similar to cells undergoing replicative senescence.
The initiating event for the adhesion was found to be demethylation of the CD44 promoter and, consequently, epigenetic activation of CD44 (16).
Another group found that irradiating pulmonary vascular ECs with 2 to 50 Gy led to apoptotic rather than necrotic death and also accelerated senescence. Although classic features of endoplasmic reticulum stress were observed, they were not essential for the development of senescence, suggesting that radiation-induced endoplasmic reticulum stress can induce apoptosis but not contribute to senescence (17). Another gene product often upregulated in response to radiation is nuclear factor-kappa beta (NF-kB). In one study, treating
HUVECs with a small-molecule inhibitor of the NF- Venkatesulu et al. 
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